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INTERIM  REPORT  CONTRACT  Honp-628(00) 
Si»pt«mbttr  30,  19$2 


1,  Conduotivity  of  thorium  oacid#  eryatali  in  yarioue  atawpher— . 
InTttstigatlon  of  the  eloetrioiC.  oonduotiylty  of  oryatolllno  thoria 
in  dlffoPttit  gates  at  atraotpherio  pros aura  has  boon  made.  OptloalXj 
olaar  apoolmana  of  f\aaad  thorla  were  out  Into  reotangular  alaba  of 
approziaatolx  $ mm  langtti.  Two  faeoa  of  theao  oryatala  ware  platiauB 
ooatod  by  evaporation  in  Taouo*  &e  apaoiaena  waro  preaaod  betwoen 
platinum  platea  by  aprlnga  and  haatod  in  a fumaoa.  Temperature 
raadinga  were  taken  with  a Pt*Pt/10  Rh  tharmoeouple  apotwaldad  on 
one  of  the  platinm  ilataa.  Iho  oxparimental  arrangement  is  ahown 
in  Figure  1«  To  make  aure  that  no  reals tanoa  due  to  possible 
thoria-platiman  interfaoas  obsourod  the  maaaurmnenta,  a large 
spaoimen^  oylindrieal  in  shapa^  was  made.  This  was  fitted  with 
potential  probes.  It.  was  aeai  that  oooduotiTity  values  dotorminod 
by  Tolt»«apere  meaau];' amenta  aoroas  the  ends  waro  identioal  witii 
thoae  obtained  by  maaauring  the  probe  potentials. 

In  general,  the  values  of  oonduotivity  obtained  when  the 
orystal  was  boated  in  a hydrogen  atmosphere  followed  the  usual 
temperature  dependonoe  for  a semi-oonduotor|  erv  Aexp(-oV/kT).  Ibo 
value  of  oV  obtained  from  the  data  of  Fig.  2 ia  1.25*  For  two 
other  apeoimena,  values  of  1,15  *nd  1.26  wore  obtained. 

Hie  oonduotivity  in  oxygen  was  notiooably  higher,  as  shown 
in  Figure  2.  Chlike  the  values  obtained  In  hydrogen,  the  values 
obtained  in  oxygen  at  low  temperature  do  not  appear  to  be  highly 
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rappoduelbld.  If  the  er/atal  It  in  oxyg«n,  und  th«  tanptraturt 
it  lowtred  fzHxa  1100*^  to  (for  excoaplo)  ^00^  C,  the  eonduotl^ty 
•t  tht  latter  tempers^ture  will  be  teen  to  deer  eat  e with  time, 

Ihe  data  obtained  at  the  hi{Th«c>  temperaturet  in  oxygen  are  repro» 
dutible  and  give  a vc\lue  of  eV  * 0»74» 

Ihe  raeasuremen^t  have  all  been  obtained  with  the  uae  of 

the  oirouit  of  Plgura  1«  Current  wat  allowed  to  flow  through  the 
tpeoimen  only  long  eaou^  for  the  voltage  aero  at  the  oapaoitor 

to  tome  to  equilibri^n.  Ihia  equilibrium  voltage*  being  proportional 
to  the  current  and  the  value  of  the  reaiator  givea  a meaaure 

of  ourrMit  which  can  be  read  on  the  electrometer  meter  after  the 
measurement  it  actually  made.  Thit  it  esaontially  a pulted  method 
of  measurement*  and  the  total  charge  pasted  throu^  the  eryatal 
for  each  obaervation  is  very  small.  These  preoautions  are  neoettary 
ainoe*  if  ourrent  it  dravm  continuously  the  oonduotivity  of  the 
tpeoimen  may  be  drattioally  altered. 

2.  Effect  of  pastago  of  ovgrent  on  oonduotivity  and  odour. 

Figure  3 ahowa  the  type  of  change  which  occurs  when  a oryatal* 
heated  to  67$^  C in  oxygen*  passes  ourrent  continuously.  Ihe 
value  of  oonduotivity  at  aero  time  is  an  equilibrium  value  obtained 
by  pulse  measurement.,  The  current  pasted  by  the  oryetel  with  a 
fixed  voltage  applied  is  seen  to  increase  with  time  of  current 
drawing*  to  a niew  aquilibrlum  value.  When  the  applied  voltage  la 
renoved*  the  conductivity  deeays  to  its  original  value*  the 
points  along  the  decay  ourve  (not  shown)  being  obtained  by  pulse 
meeaurementa.  Curve  XI  of  this  figure  ahowa  an  even  larger  ratio 


of  ohange  at  580^. 

Vhm  currant  ii  past ad  continuously  throU£^  a thoria  crystal 
heated  in  hydrogen,  very  little  conduotiTlty  change  occurs.  Zf 
the  atmosphere  la  changed  from  hydrogen  to  helium,  a conduetivlty 
increase  of  two  orders  of  magnitude  occurs  at  680^  when  current  is 
parsed  continuously,  this  is  shown  in  the  letter  part  of  Figure 

In  past  reports  it  has  been  noted  that  the  conductivity 
change  and  color  change  occur  slioultaneously  when  the  atmosphere 
in  which  the  thoria  crystal  is  being  heated  is  changed  frcsi 
oxygen  to  hydrogen.  Zhis  type  of  change  has  now  been  studied  more 
extensively  and  the  r^esdlts  are  shown  in  part  in  Figure  Zt  is 
important  to  note  thf  method  whereby  the  colour  was  ascertained 
at  a partiox&lar  stage  of  the  experiment.  Zbe  conductivity  measure^ 
ments  are  swde,  of  ourse,  with  the  crystal  at  the  tonperature  noted 
on  the  curve,  and  the  desired  gas  flowing  around  it.  Zf  the  colour 
is  to  be  ascertained,  the  crystal  on  its  supporting  structure  is 
drawn  out  to  a cool  .j action  tdiieh  extends  outside  the  furnace. 

After  about  one  minute,  the  crystal  will  be  cool  enough  for  its 
color  to  be  noted,  It  is  then  retximed  to  the  hot  area  and  con* 
duotivity  measurements  reamed.  Bj  colour,  then,  is  meant  that 
colour  which  is  observed  when  the  crystal  is  cooled  rather  rapidly 
in  the  atmosphere  in  which  it  has  been  heated. 

Referring  to  Figure  4,  it  is  seen  that  tho  conductivity  ohange 
in  heliiM  was  net  aeoompaniod  by  etxnplete  bleaching  from  the 
original  red  aoler  wJiiah  was  pz^eeant  in  oxygen.  Zhis  obcervatien 
vi&  not  aoBolttslTo  alnea  it  Is  obvious  iroei  the  figure  that  the 
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oondufrtlvlty  ohanga  had  not  gone  to  oonqpletion.  On  adnitting 
bydrogan,  slmultanao^aa  rapid  blaaohlng  and  drop  of  eonduotl^lty 
ware  obaarvad*  At  tha  ooneluaion  of  ttala  prooaaa^  tha  atmoaphara 
waa  again  ehanged  baok  to  halloa  with  no  affaet  on  tha  eonduotivltj 
(oba«pTad  by  tha  pulaad  mathod)  or  on  tha  eolor.  How  tha  larga 
oonduetivlty  ohanga  iaa  to  ourrant  drawing  in  halloa  (aa  prarloualy 
daaerlbad)  waa  produiad,  and  thia  waa  found  to  ba  aoooiapanlad  by 
a ratum  to  tha  original  rad  coloration.  Tha  rapidity  of  thla 
ohanga  la  atrongly  dipandant  upon  tha  ourrant  danalty. 

It  haa  baan  atatad  that  If  tha  oryatal  waa  hald  In  hydrogan, 
and  lha  aonduatlTity  maaaurad  by  infraquant  abort  pulaaa^  no 
oorduotiTlty  of  colour  ohangas  ooourrad«,  tha  oryatal  balng  blaaohad 
and  tha  oonduotivity  low.  If  ourrant  waa  paaaad  oontinuoualy  whan 
the  thorioB  oryatal  waa  haatad  in  hydrogen,  a blaokanlng  of  tha 
oryatal  took  plaoa,  appearing  firat  at  tha  aathoda  and  of  tha 
oryatal  and  apraadlng  out  toward  tha  anode,  ao  that  finally  tha 
whole  oryatal  waa  blaok.  lha  blaokening  prograsaad  at  tha  rata 
of  about  3 mn  for  each  ooulomb  paaaad  throu£^  tha  oryatal.  If 
tha  ourrant  waa  raveraad  after  the  oryatal  waa  blaokenad  part 
way  aeroaa,  tha  fira^  blaokenad  area  would  appear  to  raooda  toward 
tha  new  anode,  while  a naw  area  of  blaoknesa  would  appear  at  tha 
new  aathoda.  Thus  it  la  auppoaad  that  tha  blaokanlng  la  aaaooiatad 
with  tha  migration  o*  poaitlTo  aarriara,  either  metal  iona  or 
oxygen  raeanoias.  blaokanlng  produaad  oould  not  ba  blaaohad 

oui.  by  heating  tha  oryatal  in  either  r&cvam  of  inert  gaa  or  hydro* 
gai’A.  It  oould  be  partly  ranorad  by  heating  tha  oi^yatal  In  oxygm, 
but  oTon  thia  traahnn'it  woiiLd  not  restore  tha  apaoimen  to  Its 
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original  optieal  olarlty;  oloudinoss  and  Irragular  dark  areas 
Mould  still  be  present. 

3»  Solubility  of  hydrogen  in  thorium  oxide  crystals. 

In  the  preceding  report  (May  31,  19S2)  experiments  were 
described  inrolying  the  bleaching  end  conductivity  change  of  a 
heated  thoria  crystal  when  the  atmosphere  around  it  was  dhmiged 
from  oxygen  to  hydrogen.  In  order  to  further  understand  the 
role  of  hydrogen  in  causing  the  bleaching  and  lowered  oonduetivity, 
it  was  felt  necessary  to  determine  whetiier  the  hydrogen  could 
enter  the  thoria  crystal,  in  sufficient  quantity  to  account  for 
ttie  changes  observed.  Ibe  red  coloration  is  asstimed  to  be  due 
to  the  presence  of  ejccess  oxygen  acting  as  f»eenters,  also 
producing  p«type  ssml- conductor  behaviour,  nie  most  sensitive  mea» 
sursnent  available  has  failed  to  show  any  weight  change  associated 
with  the  reddening  of  a crystal  in  oxygen,  or  the  bleaching  of 
a red  crystal  either  in  hydrogen  or  vacuum.  The  results  of  this 
work  indicate  an  upper  limit  of  the  amount  of  excess  oxygen  in 
title  neigjh^i'hood  of  2acl0^*^  atoas/oo  of  thoria.  Measurement  of 
the  gas  evolved  when  a crystal  was  bleached  in  vacutn  indicated 
titiat  this  figure  is  of  the  correct  tn^der. 

A number  of  oxygen<-redd«ied  or ys tails  totalling  12  grams 

o 

in  wci^t  were  bleachsd  at  a temperature  of  1000  0 in  hydrogen 
at  one  atmonphere  proasure.  They  were  then  pieced  in  e veouTm 
•ye ton  with  gas  eollnotlon  and  analysis  system  attached.  (Ihls 
syateu  it  described  in  Report#  of  Oontract  lfObsr*^592  dated 
RoveHd>ar  1$,  195>1  and  June  15»  1952).  The  crystals  were  heated 
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to  1000  0 in  this  oyatonf  «nd  tho  gas  o^olved  measiirod  and 
snalysad.  StMossalYs  runs  of  ttils  ejperlment  gavo  analyses  of 
80^,  120)Cand953t  fis  the  hydrogen  content  of  the  evolved  gas* 

Ihe  seatter^  end  the  value  above  100  are  due  to  the  Inherent 
inaoeuraey  of  the  »j3tm  When  email  queititles  of  gas  are  analysed* 
Thus  we  interpret  the  results  as  showing  that  substantially  100 
of  the  gas  evolved  was  hydrogen* 

In  the  first  run  of  this  experinent,  2 nm^  of  gas  {^0% 
hydrogen  aialysis)  were  soil ee ted*  In  a subsequent  run^  made 
more  earefully,  it  was  seen  that  the  quantity  q evolved  up  to 
tine  t rouc^y  followed  the  form  q ■ Q(l*o*^^)*  The  shape  of  the 
curve  was  not  accurately  fitted  (perhaps  due  to  variations  of 
tenperature  of  e 30^)*  However*  the  asyaq>tote  seemed  clearly 
enough  indicated  to  'snable  one  to  determine  the  total  quantity . 

Q with  reasonable  accuracy*  Ihe  total  tonount  of  gas  dissolved  in 
the  thorium  oxide  crystals  tlien  turned  out  to  be  about  $ aus^(STP)« 
idiioh  analysed  about  lOOjC  hydrogen*  Ihe  latter  value  was  obtained 
twice*  Taking  the  vilue  of  ^ mm3  as  most  accurite*  the  amount  cf 
hydrogen  dissolved  in  1 oe  of  thorium  oxide  undei*  the  conditions 
ihitlslly  given  is  about  2*5x10^^  atoms*  Thus  it  is  found  that 
the  nunber  of  hydrogen  atoms  which  enter  the  crystal  whan  it  is 
bleached  are  of  the  cams  order  as  the  nunber  of  excess  oxygen 
atoms  which  were  satimated  to  be  present.  The  remsrkably  good 
agreement  is  undoubtedly  fortuitouo*  as  none  of  the  msasurasMnts 
involved  pretend  to  this  degree  of  aeeuracy* 


FItJURE  Xo  SehoMtie  Reprtsmtation  of  fixporlawital  Arrangwento 

Thj  thoweouplo  la  conaeetad  to  a Leeds  & Northrup  Type  K Potentiometer » 

The  neohenlcal  linkage  beteeen  and  S2  i*  vuch  that  both  augr  be  closed 
by  pressing  Si;  and  aftar  both  are  closed , if  the  pressure  is  released^ 

S2  Bust  open  first c Whan  both  era  closed,  current,,  starts  to  floe  throu^ 
the  crystal  and  the  condenser  starts  to  charge,  iLfter  the  condenser^ 
resistor  coobination  ha?  reached  equilibrim,  the  seitetus  are  opened, 
arid  since  ^ opens  first,  the  soltage  on  the  condenser  represents  the 
current  shich  was  floelig.  The  time  constant  of  the  isolated  condenser- 
electromster  circuit  is  so  long  that  the  reading  mpj  be  made  for  siany 
seconds  after  S2  is  opened.  The  arrangement  has  been  worked  out  in 

practice  so  that  the  whole  cycle  above  deecrlbed  le  perfa**med  by  tapping 
Si  momentarily,  and  a current  reading  may  bs  obtslnsd  while  passing  only 

a^'anall  total  charge  through  the  cryetel. 
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FI0UR3  2 Conduetivitx  thoria  in  ojgrgon  and  hydrogen. 


cooductioo  eurreni  at  30  V 
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FIOURB  4 Cbanevs  oX  oolor  and  oonrtufiiiTltj 


